Introduction
Some of the physiological changes taking place during the transition from intra-to extrauterine respiration should first be considered as they constitute part of the mechanism also occurring during asphyxia.
Transition from intra-to extrauterine life
Expansion of the lung: There is at first a squeeze on the thorax and then a recoil. The latter depends partly on the tonus of the infant, and during severe asphyxia tonus is lacking. Increase in pulmonary blood flow: When the pulmonary capillaries around the alveoli become filled with blood the vessels tend to straighten out, like a garden hose, contributing to the opening of the alveoli [8] . In the severely asphyxiated infant blood pressure is low and the filling and expanding force reduced.
Vasomotor effect of Poi and Pcoi: Decrease in Ρθ2, or decrease in pH leads to vasoconstriction in the lung [4, 14] . In utero the low fetal Ρθ2 prevents the fetal pulmonary bed to open up. There is a drastic increase in Ρθ2 in the alveoli which is even larger than might be inferred from the data in most textbooks as the latter usually refer to PaO2 values in blood sampled below the ductus. Sampled above the ductus PaO2 increases even more rapidly. Fetal transcutaneous Ρθ2 monitoring continued after delivery gave a mean value in 10 cases to 53 mm Hg 10 min after birth. When tcPo2 was initiated soon after birth the mean value was 70 + 15 mmHg 9 min after birth in 63 infants [12] . In spite of birth asphyxia with delayed onset of respiration until 1.3 min after birth, there was a rapid increase in Ρθ2 once respiration was above 40 breaths/min (figure 1). With the first breaths alveolar Ρθ2 will probably increase to 130 -140 mm Hg in the aereated parts of the lungs. Once CO2 enters the alveoli Ρθ2 will of course be correspondingly lower and will stabilize at about 110 mm Hg. The high alveolar Ρθ2 quickly leads to PaO2 increase and once this is above 40 mm Hg the resistance in the peripheral circulation increases and that in the pulmonary circulation decreases. The higher the FiO2 the greater the blood content of the lung as exemplified from a study of newborn rats (figure 2). In the asphyxiated fetus Ρθ2 will be less than 10 mm Hg. The relative increase in Po2 will therefore be at least 10 fold compared to the normal 3 -5 fold increase in vigorous infants. As figure 2 shows the filling with the lungs of blood increases with increase in FiO2 [13] . There is also a time factor to consider although its significance for the newborn infant is unknown. When a high FiO2 was maintained less than 4 hours the increase in lung weight at elevated FiO2 was smaller. The results shown in figure 2 were obtained after 4-7 hours exposure of the newborn rats. If the exposure lasted more than 7 hours atelectasis and vascular collaps occurred [13] .
The capability of the normal lung: Within 10 min after birth with a FiO2 of 0.75 PaO2 may increase over 100 mm Hg during one single inhalation [7] (figure 3). It cannot be excluded that similar drastic increases occur in the aereated and perfused parts of the lungs also in the asphyxiated infants who almost routinely are given 50 -100% oxygen. Still, in all but the most severe cases will it probably be possible to increase PaO2 sufficiently by ventilation with air alone. It is unclear to which Figure 3 . Increase in arterial Ρθ2 in the aortic arch 10 min after birth of a healthy newborn infant exposed to a Fi O2 of 0.75. Each straigth part of the curve represents one inspiration; modified from HUGH et al [7] . extent supplementary oxygen is needed. Usually RDS is preceded by asphyxia and the treatment of asphyxia is part of the complex and multifactorial pathophysiological background. We are between two dangers; the risk of progressive asphyxia on the one hand and the risk of iatrogenic distrubances on the other hand. The resuscitation with high concentrations of oxygen increases the possibility for increased oxygen radical production in the lungs and other organs. We are specially interested in free radical production through the hypoxanthine-xanthine oxidase system.
Oxygen radicals and scavengers
Oxygen radicals can be formed from many sources. The activated macrophage produces oxygen radicals and this could be a cause to tissue damage for instance in the lung. Another source of oxygen radicals is the hypoxanthine-xanthine oxidase system. This system is particularly important in asphyxiated and post-asphyxiated newborn infants who usually have high concentrations of hypoxanthine in the tissues and body fluids [15] . Free radicals are compounds, molecules or atoms, with one unpaired electron in its outer electron orbit. They are highly unstable and reactive, and they can damage all cell membranes in the organism. Oxygen radicals are produced when oxygen is reduced univalently to water, (for reference see the review [16] ). The Superoxide radical and particularly the hydroxyl radical are most toxic to the cells. When hypoxanthine is oxidized to uric acid a small part of the oxygen involved is reduced to the Superoxide radical. Hydrogen peroxide also is formed and then the hydroxyl radical can be formed as well:
he organism has defense mechanisms against oxygen radicals, such as Superoxide dismutase (SOD) and catalase. The SOD content of the lung of rat fetuses increases toward term [6, 22] . Lung tissue of the rat neonate is capable of rapidly enhancing SOD activity when oxygen is administered [1, 5] . This response is age-dependant with maximum effect occuring in ten-day-old animals. If these data are applicable to the human, preterm infants are more vulnerable to oxygen radicals than the term ones.
Oxygen radicals and surfactant
In hypoxia there is an accelerated breakdown of AMP to its end product hypoxanthine. This is illustrated in figure 4 . Provided oxygen is present the hypoxanthine normally formed is either oxidized to uric acid or metabolized to IMP through the so called salvage pathway. Both of these pathways are blocked in hypoxia and hypoxanthine is accumulated [18] . Particularly after hypoxia, when there is high concentration of hypoxanthine, large amounts of oxygen radicals are produced during resuscitation and the generation of free radicals is further increased with high concentrations of oxygen. The combination of hypoxanthine and oxygen in the posthypoxic reoxygenation period may thus be detrimental [17] . This hypothesis for the pathogenesis of posthypoxic reperfusion damage has later been accepted and further developed by other authors [10, 11] . We have studied the effects of this system on the rat lung [21] . Hypoxanthine was infused intravenously in rats breathing 100% oxygen. After 2 days the rats were sacrificed and the lungs were investigated both biochemically and morphologically. The typical changes found were vascular engorgement, hemorrhage and edema. Further, in lung lavage fluid there was a manifold increase in total protein and alpha-1-antitrypsin levels. The surfactant phospholipids revealed a normal pattern. The function of the surfactant when studied with a pulsating bubble surfactometer [3] showed that the minimal surface tension was increased to such an extent that the surfactant function was completely abolished. These findings were in contrast to what was found in control animals treated with 100% oxygen alone or hypoxanthine infused rats breathing room air [21] . As surfactant is quite resistant to oxidization it seems that the surfactant was inactivated by protein. We also gave guinea pigs one unit xanthine oxidase with one ml normal saline (approximately 3 ml/kg) [19] . A dramatic decrease in lung complicance to in mean 15.8% of the initial values was found when xanthine oxidase was given. To our surprise saline alone also reduced compliance substantially to 38.9% of the initial values, however significantly less than when given together with xanthine oxidase. SOD together with xanthine oxidase prevented the xanthine oxidase effect but not the saline effect and compliance fell to in mean 35.5% of the initial levels when 20,000 U SOD were given together with one ml saline (figure 5). Saline alone therefore seems to have a severe effect on lung compliance in guinea pigs on intermittent positive pressure ventilation, but no such effect was found when the animals were ventilating spontaneously. This phenomenon probably occurs in the human as well. If so the volumes of saline applied into the trachea of babies ventilated with IPPV as "placebo" in clinical surfactant studies may seriously effect the results and expose the sick infant to additional risks. Xanthine oxidase seems to reduce lung compliance through oxygen radicals since this effect was prevented by SOD. In the lung with low compliance there is every reason to assume that endogenous hypoxanthine is elevated and xanthine oxidase may be present, for instance after leakage from the liver. We therefore believe this model can give us information concerning acute lung damage seen in babies with RDS. The immediate necrosis of bronchial endothelium observed in RDS could be due to production of free oxygen radicals by a direct effect on the cells and indirectly by inactivation of the surfactant system as described. Lung compliance of xanthine oxidase treated lungs is restored by giving natural surfactant [9] . The hypoxanthinexanthine oxidase system also has a long term effect. One single dose of xanthine oxidase injected intratracheally in guinea pigs resulted in a significant decreased lung compliance 14 days after the injection [20] .
Conclusions
A series of factors normally taking place during transition from intra-to extrauterine life are exaggerated in asphyxiated infants and the stage is set for pulmonary damage. We have specially been pointing out the dangers of giving 100% oxygen. The oxygen radicals seem to have a direct effect through inactivation of the lung surfactant. These considerations might have therapeutical implications:
-Although effective measures must be taken to eliminate an existing asphyxia the oxygen concentrations should be kept as low as possible.
-Instillation of liquids in the trachea should only be part of a necessary therapeutic procedure.
-A systematic study of the effect of Superoxide dismutase and other scavengers of free radicals should be made.
-Monitoring the hypoxanthine concentration using a fast method, is of value in the treatment of asphyxia.
Several of these points need careful study both in the research laboratories and in well planned, if possible, randomised studies.
Summary
Consequences of asphyxia in babies with surfactant deficiency are discussed. Several important points concerning transition from intra-to extrauterine life are underlined. In asphyxia large amounts of hypoxanthine are formed and in the postasphyxic period when high concentrations of oxygen are given large amounts of oxygen radicals are produced. Experimentally we have shown that such radicals produce lung engorgement, hemKeywords: Asphyxia, hypoxanthine, oxygen radicals, RDS, surfactant deficiency.
orrhage and edema. Further they inactivate surfactant. Oxygen radicals also reduce the lung compliance dramatically in animal experiments. Saline alone given intratracheally to animals ventilated artifically will also reduce lung compliance. It is therefore not recommended to give saline intratracheally as a placebo in surfactant trials. Les radicaux oxygene diminuent egalement la compliance pulmonaire du fagon majeure au cours des experiences animales. La compliance pulmonaire est egalement diminuee chez des animaux ventiles artificiellement chez lesquels on instille du 0,9% NaCl isolement en intra-tracheal. Ainsi, il n'est pas recommande d'instiller du 0,9% NaCl en intra-tracheal comme placebo dans les essais sur le surfactant.
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